Abstract-Libya is an oil exporting country located in the middle of the North Africa. Exporting oil is the major income resource for the economics of the country. Al-Zawea refinery is one of the oil refineries in Libya. This paper discusses the aspects of upgrading the existing power system of the refinery by converting it from a traditional system to a smart system (Smart Grid) to overcome the technical power problem. A portion of the power supply of the system will be derived from Wind Energy to feed the electricity into the refinery electric grid and ensure sufficient power for operation.
I. INTRODUCTION
Smart grid technology is very much in the forefront in the energy and power industry. Billions of dollars have been invested so far for smart grid implementation. The effective utilization of smart grid technology to achieve bi-directional power flow, integration of renewable energy sources, and improving the quality and reliability of power supply require suitable communication systems and sensors. Intelligent system requires sensing and switching technology to communicate with the electric grid. Integrating renewable energy resources to the system is a main feature of Smart Grid implementation [1] . Although, renewable energy application in Libya was started in the middle of the seventies, it has still not found its way into industry sector. This study employs a wind speed analysis in the site (AL-Zawea City) using Raleigh pdf to model the wind speed which is the initial step to integrate wind with the existing grid. System with 25 buses has been used for simulation studies and implementation suggestions. Possible impacts of renewable (wind) energy system integration and its performance with the Al-Zawea refinery electric grid will be studied by load flow analysis using Newton Raphson [2] .
A new concept next generation electric power system has emerged called Smart Grid, to realize those capabilities. Smart grids have become high priority in the industry agenda in many countries around the world. By implementing smart grid technologies and deploying them along with distributed generation to the traditional power system the following potential benefits could be realized.
. Reduce costs and improve efficiency . Minimize environmental impacts . Mitigate power fluctuation . Accommodate renewable energy resources . Increase reliability of operation . Self-healing Smart Grid refers to a two-way system that monitors and automatically optimizes the operation of the interconnected elements of the power system from the generator through the high-voltage network and distribution system, to the end use consumer and their thermostats, appliances and other household devices. System with 25 buses has been used for simulation studies and implementation suggestions.
Smart grid has the ability to detect a fault and its location immediately whenever the fault happens and it can be symbolically shown as in by Figure 1 . 
II. AL-ZAWEA REFINERY POWER SYSTEM
Al-Zawea Refinery is located in Libya, which is about 40 kilometers (25 mi) west of the capital city (Tripoli). The refinery was opened in 1974 and it currently produces an estimated 120,000 barrels (19,000 m3) of oil products per day (bpd). It is a reforming refinery having a distillation capacity of 6,000 tons per year [3] .
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A. System overview
The refinery has an on-refinery power plant, with rating of 11 MW and it is connected to the Libyan national grid by two 31.5 kV feeders. The electrical distribution network of the refinery is connected to the national grid by a 6.6 kV bus-bar system, as represented in Figure 2 with the following sources.
. Three steam turbines 6.6 kV, 6MVA each. . One gas turbine generator 6.6kV, 21 MVA. . Two incoming 6.6 kV cable feeders stepped down from 31 kV to 6.6 kV with capacity of 1 MVA each.
The 6.6 kV of ARC and its connection to the national grid is represented by Figure 2 . 
B. System performance
Total demand of the refinery is about 11MW 12MW as a following scenario: 1-Two steam turbine with 2.5MW 3MW power output. 2-6.6 kV incoming cable feeders. 3-Gas turbine generator with 5MW 6MW capacity.
C. Observed undesirable event
Al-Zawea Oil Refinery electric network experienced some active power fluctuations when connected to the national grid. Fluctuations cause disturbances to the electrical network leading to system collapse this is usually happen in the peak time at early morning 6:7 am, and around midnight as illustrated by Figure 3 .
In order to investigate the origin of these phenomena and to identify their most probable cause, an onsite survey and power flow analysis were required. The observed problem is not under complete dominion of Al-Zawea refinery. The fluctuations are observed on the feeder which connects refinery to national grid. Fluctuations cause disturbances to the electrical network in the normal operation which is causes system collapse after in most of the time. Figure 4 shows a single line diagram of the current distribution system at the Al-Zawea refinery power system. This system feeds five different areas in the refinery of which one of them is considered as critical due to the sensitive equipment and the research work being conducted to this area. These critical loads are very sensitive to frequency variations, power fluctuations and power outage. Figure 5 shows one of the five areas of the current distribution system where critical loads at the Al-Zawea refinery are located [4] .
III. PROPOSED MODIFICATION FOR THE EXISTING AL-ZAWEA REFINERY POWER SYSTEM
This study discusses the main features of smart grid which is distributed generation integration to improve system reliability and efficiency. The source of distributed generation considered here is the renewable wind energy. Distributed generation (DG) is power generation scattered throughout the power system to feed the demand load, or employed at an isolated site not connected to the power grid to reduce the amount of energy lost in transmitting electricity. A single line diagram of the Al-Zawea power system with Wind DG is illustrated in Figure 6 .
Integrating wind based DGs units with the existing distribution system can achieve the balance of loads in the refinery. Optimal allocation and optimum sizing of wind turbine based DG is studied considering load uncertainty and wind variability. Implementation of distributed generation in the system needs advanced sensors with integrated wireless communication system to measure and transmit the required data for analysis and control.
A. Optimal placement of (DG)
The optimum location of the wind turbine based distributed generation in the existing distribution system is determined based on obtained voltage index. The voltage index with highest voltage amplitude is the optimum location and is chosen bus to integrate the wind based DG into the system network.
The voltage index presented in [6] [7] has been adopted in this study and is used to determine the optimal allocation of the wind turbine based distributed generation.
where pr n is the probability density function.
The impact of the DG integration into the system can be evaluated based on the following three possible scenarios V index < 1, DG will make the voltage profile worse V index = 1, DG will have no impact on the voltage profile V index > 1, DG will improve the voltage profile worse
B. The sizing of the proposed DG units
In order to evaluate wind turbines based distributed generation into the existing power system with the uncertainties wind speed, the continuous probability distribution function of the given wind speed is divided into states (segments) each with certain speed limits. Small number the states affects the accuracy, whereas choosing a large number of states increases. In this study, the speed range of each state is taken to be 1 m/s as shown in Table I [7] . The output power of the candidate wind turbine corresponding to each state is calculated. Technical information data of the candidate wind turbine (1.5 GE) and its power curve properties are used for the calculation by using (3) [8] .
where v ci , v r and v co are the cut-in speed, rated speed and cut-off speed of the wind turbine, respectively. The annual average power and capacity factor (CF) of the candidate wind turbine based distributed generation are calculated using equations (4) and (5) [9] .
The methodology of the proposed system with DG is illustrated by the flowchart shown in Figure 7 .
IV. SIMULATION RESULTS AND DISCUSSION
The voltage index parameters are obtained by using (1) and (2) while the variation of voltage index with respect to DG location is shown in Figure 8 . It is clear that in the case of DG installed in the bus 24, it gives the highest voltage index value. This is indicating that bus 24 is the optimum location to install DG. In order to calculate the capacity factor, the probabilistic description of the wind output power model is generated by using candidate wind turbine technical data.
A modified system with DG units installed on bus 24 and simulated considering the optimum location of DG is calculated by using (2) . A new proposed system with a new transmission lines and DGs integration are modeled and simulated by using PowerWorld and MatlabThe capacity factor is calculated by using (4) (5) which is found to be 0.32 %. The Load flow analysis has applied by using Newton Raphson method considering uncertainty load conditions. The obtained values of p.u voltage for all buses, after DG installed at load bus 24 are presented and illustrated in Figure 9 . It is worth to mention that wind DG has improved the voltage profile and mitigated the voltage collapse. The results prove the efficiency of the methodology that proposed in this study.
V. CONCLUSION
Al-Zawea refinery power system needs to modernize from traditional configuration to a decentralized smart. Simulation results have highlighted the advantages of integrating distributed generation with the existing distribution power system at the refinery. In this study, DG system is implemented with renewable energy sources represented by wind turbines with limit capacity of 3 MW located at bus 24.
